Introduction
Vascular compliance -the change in vascular geometry per change in blood pressure -has been implicated in cardiovascular disease [1] , but whether this is a risk factor or a marker for disease is subject to debate [2] . If it is a risk factor, individuals can be screened prior to the onset of clinical symptoms and treated appropriately. If it is a marker of disease, the effectiveness of therapy can be tracked in patients [3] . The value of blood pressure measurement has long been established, and current advances in non-invasive devices have now made it possible to measure arterial elasticity and blood pressure simultaneously in ambulatory individuals [4] .
Arterial elasticity measurements can be performed using the HDI/Pulsewave CR-2000 Research CardioVascular Profiling Systems (Hypertension Diagnostics, Inc, Eagan, Minnesota, USA). This device includes an oscillometric blood pressure module and a piezoelectric pressure sensor [3, 4] . The cuff is positioned on the left upper arm and the sensor is placed on the skin over the right radial pulse. Systolic and diastolic pressures are measured and then the device collects radial artery waveform data for 30 s. A software algorithm determines the systolic, mean and diastolic blood pressure as well as various haemodynamic parameters. A modified Windkessel model is used to estimate the large-(C1) and small-artery (C2) elasticity. Other haemodynamic parameters are derived, which include ejection time, cardiac output, stroke volume, systemic vascular resistance and total vascular resistance.
The accuracy and reliability of blood pressure measurement have been the subject of controversy. Some authors suggest measuring the blood pressure in both upper arms and using the higher of the two values. Others propose measurement on either the right or the left arm. There are thus multiple questions regarding which arm is the most appropriate for measurement. Additional questions can be asked for the use of the HDI/Pulsewave CR-2000. Is there a difference in blood pressure in the right and left arms? Is it necessary to position the cuff specifically on the left upper arm and the sensor on the right wrist? Can both cuff and sensor be positioned on the same side? If yes, which side is most appropriate?
The purpose of this study was to determine whether there is a statistically significant difference in blood pressure and arterial elasticity values measured in the right and the left arm in healthy individuals using the HDI/Pulsewave CR-2000.
Methods

Study subjects
Volunteer housestaff, nursing and medical students were asked to participate. Those 15 years or older who consented were included in the study. Reasons for exclusion included the presence of heart failure, the presence of a cardiac valve abnormality, arrhythmia, weight less than 50 lb or greater than 330 lb and a history of hypertension, diabetes, peripheral vascular disease or current or past smoking. The Human Assurance Committee at the Medical College of Georgia approved the protocol.
Procedure
Two HDI/Pulsewave CR-2000 machines were designated 'A' and 'B'. The manufacturer's guidelines, as described in the Operator's Manual, were employed. In brief, the cuff was placed on the left upper arm and the sensor on the skin over the right radial artery. The second machine was placed in an opposite configuration, i.e. the cuff on the right upper arm and the sensor on the left radial pulse (Fig. 1, top) . Measurements were made in triplicate and recorded.
We then disconnected the sensor from each HDI/ Pulsewave CR 2000 and connected it to the other machine. This then combined the cuff and sensor from each machine on the same arm and ensured that the sensors were kept in exactly same position (Fig. 1, bottom) . Simultaneous measurements were again made in triplicate and recorded.
We randomized the use of machines based on the last digit of the subject's social security number, the cuff of machine A being placed on the right arm if the last digit of subject's social security number was even. This approach randomized the use of the machines to either arm and minimized inter-device variability. Using two machines on two arms (Fig. 1 ) provided four combinations: (i) cuff on the right and sensor on the left, (ii) cuff on the left and sensor on the right, (iii) cuff and sensor on the right, and (iv) cuff and sensor on the left. Attaching the blood pressure module to mercury manometers and reading the mercury against the reading from the device calibrated the machines. The variability in the piezoelectric sensors was considered to be negligible. A single operator made all the measurements.
Statistical analysis
We ran a mixed-model analysis of variance with random effects on the data. The random effects were subject, subject-cuff and subject-sensor. Our main test of interest was the interaction between cuff and sensor.
Results
Twenty subjects -11 males and 9 females -were studied. The subjects were 22-46 (mean 33.5 7 7.4) years of age. The body mass index was 19-40 kg/m 2 (25.36 7 5.03). There were three African Americans, three Indians, one Hispanic and 13 Caucasians in the study group. The mean systolic blood pressure was 118.9 7 14.1 mmHg and the mean diastolic blood pressure 67.3 7 8.9 mmHg. C1 and C2 were 15.3 7 3.5 ml/mmHg Â 10 and 7.4 7 3.5 ml/ mmHg Â 100, respectively. There was no interaction between cuff and sensor for any of the variables: systolic blood pressure (P ¼ 0.374), diastolic blood pressure (P ¼ 0.44), C2 (P ¼ 0.59) or C1 (P ¼ 0.861). Figure 2 displays a scattergram of each possible comparison illustrated in Figure 1 above. No statistically significant difference in the blood pressure and arterial compliance was observed between the right and left arms of healthy individuals (Table 1 ).
Discussion
The purpose of this study was to test the effect of the location of the blood pressure cuff and sensor on the reproducibility of measurements of blood pressure and Scattergram of each possible combination for large-artery elasticity (LAE) or CI CRSL, cuff on the right and sensor on the left; CLSR, cuff on the left and sensor on the right; CLSL, cuff and sensor on the left; CRSR, cuff and sensor on the right. arterial elasticity. The four possible combinations shown in Figure 1 do not yield significantly different results in terms of either blood pressure or elasticity indices. Although the sample size is small, there were no previous data on which to base a power/sample size calculation. A sample size of 20 was chosen based on time and cost issues. Future studies on this topic will be able to use these results to establish their sample size/power calculations and to determine what would be a clinically meaningful or acceptable difference between cuff and sensor measurements.
The positioning of the piezoelectric sensor is critical in obtaining accurate waveform data as this information is used to estimate C1 and C2. As with any new device, there is a learning curve. Movements, conversation and distractions must be kept to a minimum during data acquisition after a 5-10 min period of rest. We did not observe any statistically significant difference in blood pressure, elasticity indices or other derived indices. Based on our observations, any combination of cuff and sensor position-ing can be used without compromising blood pressure or elasticity values. This information should be useful when dealing with patients with an arm amputation or undetectable radial pulse. Thus, when using the HDI/Pulsewave CR-2000, the blood pressure cuff and sensor can be placed on either the same arm or opposite arms.
